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The amount of information generated by biological research has lead to an intensive use of models. Math-
ematical and computational modeling needs accurate description to share, reuse and simulate models as
formulated by original authors. In this paper, we introduce the Cell Component Ontology (CelO),
expressed in OWL-DL. This ontology captures both the structure of a cell model and the properties of
functional components. We use this ontology in a Web project (CelOWS) to describe, query and compose
CellML models, using semantic web services. It aims to improve reuse and composition of existent com-
ponents and allow semantic validation of new models.
 2009 Elsevier Inc. All rights reserved.1. Introduction
Intense research in biological science has generated great vol-
ume of data. Tools, methods and techniques improve the under-
standing of new functions, structures and processes related to
biophysics and physiology. The increase of computational power
and use of numerical methods stimulate the development and
the application of more complex models [1]. These models allow
the combination of different physical experiments, in different
scales, into a computational simulation, providing an accurate view
of the studied phenomena.
The computational simulation of a model involves two impor-
tant aspects. The former is the model representation. Although dia-
grams, descriptions and equations can be used to publish models,
typographical errors, as well as the necessary conditions to the
simulation, may generate fatal errors. The latter is concerned to
the implementation phase. The necessity to apply advanced
numerical methods creates a barrier for the effective use and study
of the model.
These questions have stimulated the development of CellML
(Cell Markup Language) [2], a markup language for representing
biological models. Based on XML (eXtensible Markup Language),
CellML speciﬁes elements that can be used to represent a formalll rights reserved.
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readable. Mathematical equations are represented in MathML
(Mathematical Markup Language) [3], what makes it independent
of a speciﬁc implementation language. CellML can be used to rep-
resent, store and share models. However, the CellML approach does
not provide mechanisms to make component reuse an easy
process.
This research is aimed at using and discussing ontologies and
semantic rules for creation, validation, storage and sharing of bio-
logical models, through the use of a framework named CelOWS.
CelOWS is based on Service Oriented Architecture (SOA) together
with semantic annotations provided by an ontology named CelO
(Cell Component Ontology). It allows the storage, search, reuse,
composition and execution of described models using the CelO
ontology.
The main goal of the CelOWS is the composition of a new
model from the reuse of different models from a speciﬁc reposi-
tory. The CelO ontology, described in OWL-DL [4], aims to add
semantics to the models. Its main contributions are the represen-
tation of the intrinsic knowledge, the model validation, the reuse
of components from other models, the composition of models and
the development of repositories where queries are semantically
carried out.
The remainder of the paper is organized as follows: The next
section discusses the background of the work. Section 3 presents
the proposed CelO ontology and its main elements. Section 4 de-
scribes the CelOWS architecture, use cases, validation process
and examples of application. Related works are presented in Sec-
tion 5, while Section 6 concludes the paper.
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2.1. Ontology
An ontology can be described as a formal and explicit speciﬁca-
tion of a shared conceptualization [5]. In this context, formal refers
to the need of machine-understandable ontologies, which eventu-
ally enable automatic reasoning. Explicit means that those terms,
properties, relations, rules and restrictions must be clearly deﬁned,
shared means that the knowledge has to be consensual and con-
ceptualization means an abstract model of real world phenomena.
The construction of ontologies implies in acquiring domain
knowledge and collect appropriate information to deﬁne clearly
and formally terms used to describe this area. The ontology, pro-
posed in this paper, can be extended to the main area of biology,
but, currently, the scope has been restricted to the ﬁeld of electro-
physiology of the cardiac cell. This restriction aims at reducing the
level of complexity and allows a gradual evaluation of the ontology
in terms of completeness and functionality. There are several lan-
guages for ontology representation. In this work we use OWL (Web
Ontology Language), the ontology language recommended by the
World WideWeb Consortium (W3C). For inferences on individuals,
we use SWRL (Semantic Web Rule Language) [6]. SWRL adds to the
ontology, information not directly processed by inference
machines. SWRL was adopted in this project because it is based
on OWL.2.2. Biological models
Bioinformatics involves the application of information technol-
ogies to solve biological problems at molecular level, providing
tools and resources needed to favor biomedical research [7]. In this
research context, biological models are related to mathematical
and computational representation of some biological properties.
In the ﬁeld of physiology and electrophysiology, functional ele-
ments of the system are generally represented by an abstraction
named ‘‘component”. Each component is a mathematical model
that represents the behavior of the biological element. The interac-
tion between biological elements is represented by the association
of different components.
The electrophysiology models currently span from simple mod-
els of the electric activation based on polynomials to three-dimen-
sional complex models [8]. Cell component models can be
represented through diagrams and have some associated equa-
tions. As an example, Fig. 1 shows the diagram and the equations
of the Luo–Rudy II model for cardiac ventricle action potential
[9]. Diagrams and text descriptions, however, can have typograph-Fig. 1. Luo–Rudy II model (extraical errors or incorrect initial or contour conditions to the simula-
tion. These concerns were recently addressed by the development
of the CellML language for representing biological models.2.2.1. CellML
CellML is an open standard format for deﬁning and exchanging
biological models [1]. It is based on the eXtensible Markup Lan-
guage (XML), a structured document format accessible by both hu-
mans and machines. CellML has a modular structure, where
models are represented as an interconnected network of compo-
nents. Each component represents a biological element as, for
example, the cell membrane or an ionic channel. Considering a
computational representation, a component is a unit that can
interact, add or encapsulate other components.
As stated by [2], models are developed to investigate the behav-
ior of a number of variables that have biological signiﬁcance. Each
variable in the model is associated to a single component. Each
component may contain equations that modify the value of vari-
ables. These values may be passed to other components through
connections. For this, the variable must also be declared in the
component that ‘‘receives” the variable, which value can be used
into these component equations.
A model receives a name and a unique identiﬁcation (cmeta: id)
used to identify the model URI. Mathematical equations are ex-
pressed in MathML and they describe the behavior of each compo-
nent in the model. A variable has a name, an initial value and some
attributes (e.g., units). Components may be associated with other
components (through connections) and they may be structured
as a hierarchy, as encapsulated components.
Components expose an interface. An interface can be ‘‘public”
(variables with ‘‘public_interface” attribute and that can be ac-
cessed by other components) or ‘‘private” (variables with ‘‘pri-
vate_interface” attribute, that can only be accessed by
components that are encapsulated into the same component). Pub-
lic/private interface attributes may have a value of ‘‘in” (an input
value received from other component), ‘‘out” (an output value sent
to other components), or ‘‘none” (variable is not used at the inter-
face). Connections between components are represented through
variables mapping (one ‘‘in”, other ‘‘out”). Fig. 2, adapted from
[10], presents a CellML model with its main elements. The little
balls represent an input variable and the little squares represent
an output variable. The variable position indicates a public (if the
variable is at the border of the component) or a private (if the var-
iable is inside the component) interface.
CellML language can be used to represent, store and share mod-
els, increasing its availability, use and validation. However, CellML
is not completely suitable for the creation of new models since itcted from the original [9]).
Fig. 2. A CellML model representation with its main elements (adapted from [10]).
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and modiﬁcation of new components.
Usually, the development of a new CellML model uses existing
models as a starting point. Thus, ﬁrst, a new component is inserted
in a model. This model is adjusted through the establishment of
connections with the new component and the deﬁnition of new
variables. This new model is simulated many times, and, depend-
ing on results, the new component is modiﬁed or replaced. This
process can be repeated several times. Considering that CellML
variables are local to the components, at each change or deﬁnition
of new components, variables must be redeﬁned and connections
rebounded. This makes the modeling process more difﬁcult and er-
ror prone.
Another important issue is related to the validation of the Cell-
ML model. The validation of the XML model is essentially syntac-
tic. Through the use of DTD or XML-Schema, the model can be
validated considering syntax errors and CellML speciﬁcation.
Semantic questions can not be effectively treated (e.g.: to prevent
that a component ‘‘ion channel” includes a component ‘‘mem-
brane”) or are left to the implementation stage (e.g.: compliance
in the use of different units of measure for variables, such as
seconds and milliseconds). To address these issues this paper pro-
poses the use of a model based on ontology for electrophysiology
modeling process.3. Cell Component Ontology—CelO
Efforts to standardize models in biological systems generate
languages such as CellML (Cell Markup Language) and SBML (Sys-
tems Biology Markup Language) [11]. Both provide a formal repre-
sentation of main components in a system, including biological
entities, deﬁnition of parameters and equations representing bio-
logical processes. On the other hand, ontologies in the biomedical
area, on the other hand, try to standardize concepts and terms.
Examples of these ontologies are OBO (Open Biomedical Ontolo-
gies) [12], GO (Gene Ontology) [13], CCO (Cell Cycle Ontology)
[14] and CCO (Cell Component Ontology) [15]. These ontologies,
however, do not focus on the modeling task. The Cell Component
Ontology (CCO) [15] is a controlled vocabulary of terms describing
cellular components and compartments and relationships between
these terms. CCO spans all domains of life and includes terms such
as cytoplasm, cell wall and chloroplast. This vocabulary is used for
annotating the subcellular locations of enzymes and compart-
ments involved in transport reactions in the MetaCyc database,
that emphasizes small molecule metabolism.Although CCO (Cell Component Ontology) and CelO (Cell Com-
ponent Ontology) share the same name, CelO ontology has a more
restrict scope and a different purpose. CelO main objective is to
add semantics to CellML models and establish a base for semantic
web services. Although some classes of CelO and CCO refer to
same cellular elements, the entire CCO ontology is not applicable
to our purposes. Basically CelO was built not only to represent
cellular components, but also to represent the knowledge of unit
measures and modeling process. We built speciﬁc classes to rep-
resent the unit and the modeling knowledge and CellML models
conversions.
CelO (Cell Component Ontology) is related to the representation
of biological models, mainly in cellular electrophysiology models.
The use of an expressive logic language to represent models can
enrich them through the application of inference mechanisms
and through the deﬁnition of semantic rules. Objectives, character-
istics and limitations of the ontology are presented, as well as an
overview and a detailed description of its elements.
The main goals of CelO are:
(i) Represent a biological model using a logical language, allow-
ing the use of inference rules.
(ii) Represent existing models described in CellML with seman-
tic annotations. This involves the knowledge representation
that is implicit in CellML models, considering semantic com-
ponents and variables. This knowledge allows the creation of
mechanisms for validation and automation of insertion and
removal of components into the model.
(iii) Allow the creation of models where variables are deﬁned
semantically and not only syntactically.
(iv) Allow the creation of a model repository that can be
searched semantically, directly through the web, or through
a database with inference engine. According to [16], one of
the main goals of an ontology database is to provide inter-
faces between humans, which understand the concepts,
and the machine, that provides accurate and consistent rep-
resentations of biological models.
(v) Promote the reuse of existing components, using automatic
or semi-automatic composition of complex models from
existing simple ones. Simple models can represent a single
biological entity (as a component representing a single ion
channel), self-contained, which can be reused (and adapted)
several times in a whole cell model.
As well as in Software Engineering discipline, the development
of ontologies also needs a well deﬁned process. Although the ontol-
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Fig. 4. Abstraction levels in the modeling process.
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no consensus about which is the best. For the development of the
CelO ontology, the Methontology methodology was adopted [17].
The Methontology is a framework that supports the construction
of ontologies at knowledge level. It describes the development pro-
cess in four activities. The development itself is considered the
most important activity, as concepts and relations are deﬁned. It
includes four activities: speciﬁcation, conceptualization, formaliza-
tion and implementation. In the speciﬁcation activity a document
is deﬁned with the ontology goals, main terms and ﬁnal users.
The set of terms is represented by its characteristics and granular-
ity. During the conceptualization phase, some models organize and
structure the domain knowledge: glossary of terms, conceptual
classiﬁcation tree, diagrams of binary relationship and dictionary
of terms. These models are independent of implementation lan-
guage and tools. At this stage we have a half-informal speciﬁcation,
and different actors can interact to validate terms as concepts, in-
stances, attributes, verbs and relations among themselves. The
activities of formalization and implementation phases were devel-
oped and the ontology built using the Protegé tool [19]. The struc-
ture of the ontology aims its integration with simulations of CellML
models, using tools such as AGOS [20] and PCEnv [21]. The main-
tenance and evolution pahses will occur whenever modiﬁcations
in the ontology structure are necessary (Fig. 3).3.1. CelO and CellML integration
Considering the applicability of CellML to describe and simulate
models, and the existence and availability of models and various
tools that work with the language, the CelO ontology tries to reﬂect
the structure of CellML to facilitate the use of these existing mod-
els. The CelO and CellML integration can be seen from the perspec-
tive of a three tier architecture (Fig. 4).
For electrophysiology models, the CelO ontology is used to de-
scribe components at a higher level of abstraction, considering
their semantics. A component variable can be described as a ‘‘so-
dium ion channel”, with its parameters. This model is associated
with a CellML model where this variable will be represented only
syntactically, similar to traditional programming languages. A sim-
ulator, that works with CellML models, such as AGOS [20] or PCEnv
[21], will translate the model to a speciﬁc implementation lan-
guage so that it can be executed.Fig. 3. Intermediate representation for the CelO ontology: (a) part of a classiﬁcThe integration of CelO ontology with CellML allows, therefore,
the implementation of tools that integrate existing simulators, so
that the user (scientist) works in a higher level of abstraction and
can execute models in a transparent way.
We can consider as the main result of the CelO, the possibility to
make CellML models more semantically rich, creating new means
for the process of cellular models construction.
3.2. CelO main classes
The CelO ontology has three general classes in its top level
(Fig. 5) and its structure provides three essential types of knowl-
edge: SIEntity (quantities and units associated to variables of the
model), DomainEntity (Concepts of the Biological domain) and
ModelEntity (Model components and interfaces).The CelO ontol-
ogy documentation and the performed tests are available at
http://celo.mmc.ufjf.br.
3.2.1. SIEntity class
This class and its main subclasses, that have a generic purpose,
deﬁne a unit and quantity dictionary that will be used together
with domain terms and variables. This dictionary is based on the
International Unit System. Besides that, new unit classes can be de-
ﬁned by users, allowing the integration with CellML. Fig. 6 presents
the SIEntity and its main subclasses.
3.2.2. DomainEntity class
The DomainEntity class and its main subclasses deﬁne terms
that will be used as a shared vocabulary by researchers for model
creation. These terms have semantic annotations, allowing the
description of the model in a higher level of abstraction. Fig. 7
presents the DomainEntity class. BiologicalEntity is related to
terms in biological domain. In this initial stage, as the implementa-
tion scope is restricted to cellular electrophysiology, only concepts
related to this type of cell were detailed. CellElement refers to theation concepts tree; (b) diagram of binary relationship of some concepts.
Fig. 5. CelO ontology top level.
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related to the electrophysiology (CellProcess). The cell elements
are detailed in CellPart and the location of these elements, in
spatial terms, is described in CellSpace element. GatingProcess is
related to different types of gating; PolarizationProcess describes
the phenomena of depolarization, polarization and repolarization;
MembraneTransport refers to the phenomena of transport across
the membrane. CellType details the various types of cells.
ChemicalEntity refers to concepts in the ﬁeld of Chemistry.
ChemicalElement refers to chemical elements (such as sodium,
potassium, etc.). ChemicalCompound refers to chemical com-
pounds (nucleotides is an example). ChemicalObject is a generic
concept for the deﬁnition of atoms, ions and molecules. BioChem-
icalEntity refers to concepts in the ﬁeld of biochemistry, which
studies the chemistry of biological processes. Protein is an example
of a concept in the biochemical level.
3.2.3. ModelEntity class
The ModelEntity class and its subclasses (Fig. 8) deﬁne concepts
used in the biological model representation. The goal is to have a
high level description, making reference to CellML models for the
simulation activity.
A challenging issue in the CelOWS architecture (see Section 4) is
to treat a model as a web service that has interfaces and can ‘‘be
executed” (through simulation). The ModelService class provides a
way of organizing the model vision as a service. Its structure is
similar to OWL-S ontology [22], for semantic description of web
services. An instance of the ModelService exists for each model
and is associated to an instance of ModelProﬁle, ModelGrounding
and ModelProcess.Fig. 6. SIEntity maModelProﬁle gives information about the model: component
association with some speciﬁc compartment of the cell and biolog-
ical entities associated to the model. ModelGrounding speciﬁes the
associated models, in case of a simulation. The CellMLModel class
stores the URI of the associated CellML model. ModelProcess indi-
cates how the model can be used, which are the inputs (ModelPar-
ameterIn) and output parameters (ModelParameterOut) that are
associated to the interface model (ModelInterface). These parame-
ters are directly associated to model variables and can be used in
simulation or composition processes. ModelType is a generic class,
used to characterize the biological problem of the model and its
mathematical modeling.
ModelObject groups objects that compose a model and that are
directly related to the underlying model. Equation names equations
that implement the mathematical model, expressed in MathML.
Variable represents model variables. ModelVariable describes vari-
ables meaning into model equations and ComponentVariable is re-
lated to the variable of each model component. These variables
can be used in the interface of the component (InterfaceVariable)
or be local (LocalVariable). DomainVariable associates model vari-
ables with concepts of the DomainEntity class. Model represents
the model itself, it can be atomic (only one component) or com-
posed (two or more components). Component represents model
components that can be described in the proper model (Internal-
Component) or can make reference to external ones (ExternalCom-
ponent). A model can be composed simultaneously by internal
and external models.3.2.4. Semantic rules
Semantic rules are used to infer knowledge that is implicit in
existing CellML models. The association between component vari-
ables and ontology individuals are deﬁned and extracted from Cell-
MLmodel. For example, the information may be extracted from the
name of a variable or from predeﬁned knowledge. For instance, we
may have a rule that forbids the association of variables without
dimension to chemical elements. Actually the rules can be also
used to validate semantically the model in terms of consistency
and completeness. Some rules of the CelO ontology, written in
SWRL, are presented in Fig. 9:
There are different languages to represent ontologies. Our re-
search uses OWL, which is recommended by the W3C as the stan-
dard language used for web semantic projects. For inferences on
individuals of the ontology the SWRL (Semantic Web Rule Lan-
guage) was used [6]. SWRL makes possible the enrichment of thein subclasses.
Fig. 8. ModelEntity main subclasses.
Fig. 7. DomainEntity main subclasses.
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Fig. 9. Examples of CelO ontology rules.
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engine. This language was select because it is based on OWL.4. CelOWS: an architecture for e-Science applications
4.1. Architecture details
The CelO ontology is the base for querying and composition of
biological models in a service oriented architecture named
CelOWS. This architecture uses concepts of ontology repository
and semantic web services. CelOWS aims to provide an infrastruc-
ture to register, query, recover, compose and execute (simulate)
biological models using ontologies. The combination of semantic
description of components, in a standard format that allows their
composition with other components and models that can be simu-
lated by existing tools, brings a great ﬂexibility for the modeling
processes in e-Science projects.
CelOWS is implemented as a web service. This allows reposito-
ries distribution and facilitates its use in scientiﬁc workﬂows and
grids. Each model is also encapsulated in a web service, so it is able
to be executed remotely (independently or composed with other
components) or it can simply inform its URI where the execution
code can be found.
A general vision of the CelOWS architecture is presented in
Fig. 10. The CelO URI represents the ontology model. The architec-
ture considers three different tiers: CelOWS: implemented as a web service, can be installed in dif-
ferent sites, allowing the distribution of repositories, and is inde-
pendent of the interface that will access services, allowing its
integration with existing tools.
 Backend: it is the service tier, used by the CelOWS to access the
database (CelOWS-DB) and execution tools to simulate CellML
models.
 Client: implements the user interface and it can be developed in
any language.
The architecture offers four services to its users:
(a) Registry: Based on the URI given by the user, the model is
recovered and, using inference mechanisms, the model is
then stored in a database.
(b) Compose: The user gives XML ﬁles with the speciﬁcation of
the models that must be composed and the composition
architecture (how the components will be connected among
themselves). A new model is generated and stored in the
database.
(c) Query: The user makes a SPARQL query [23] and receives, as
a result, models, components or variables related to it.
(d) Execute: The user gives the URI model and the parameters to
be used (these parameters can be obtained by a previous
SPARQL query). Based on the model, the URI of the CellML
model is located and a simulation tool is then executed
and the results returned.
Fig. 10. Partial view of CelOWS framework architecture.
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1. Client manager: Responsible for users interaction, implementing
the Facade design pattern. Its purpose is to provide only one
input/output point in the system, so customers do not have
access to the internal structure of the CelOWS.
2. Storage manager: Responsible for ontology storage/recovery in
the database, and queries carried out by the user, encapsulating
the access to database.
3. Ontology manager: Responsible for inference on the models, as
well as for providing an API to access CelO ontology.
4. Execution manager: Responsible for the execution of the CellML
model together with the CelO model. The access to simulation
tools must be encapsulated, enabling the architecture to be
independent of a speciﬁc tool.
The use of the complete CelOWS infrastructure depends on the
development of end users applications, using graphical interfaces
and encapsulating its services.
4.2. Usage scenarios
The following scenarios present some of the possibilities of
using the framework CelOWS by researchers:
 S1: Based on a biological concept or phenomenon of interest (for
example, ‘‘sodium ion channel” or ‘‘membrane potential”), the
scientist searches on the CelO ontology considering its semantic
representation. With the result representation, he searches into
repositories where models are somehow associated with the
concept (‘‘sodium ion channel”) and the phenomenon (‘‘mem-
brane potential”). With a list of candidate models, the scientist
selects one that describes the desired system and can then run
simulations or get the CellML code for analysis.
 S2: The scientist can get a CellML model, run simulations, and
based on his experience, add semantic annotations to the con-
ceptual model associated to the CellML model.
 S3: The scientist can locate an existing model, possibly com-
posed of atomic constituents, and doing simulations, replace
some components by similar ones. The similar components
can be found through a semantic search.
 S4: The researcher can build a new model from an empty
model or based on an existing one, through the composition
of atomic components semantically described, he can generate
a CellML model for this new model, allowing its simulation.
The new model can also be used in the composition of more
complex models.4.3. Prototype validation
In order to test and validate CelOWS functionalities a prototype
was built, with the following services: register, query and compo-
sition of models.
Eight CellML models were used for testing purposes. For exam-
ple, the model ‘‘A Modiﬁcation of the Hodgkin–Huxley Equations
Applicable to Purkinje Fibre Action and Pace–Maker Potentials” is
represented in Fig. 11 through a UML Component Diagram. The
diagram presents the components and its connections through
the interface parameters.
As it can be seen in the diagram, the model is composed of eight
components: environment,membrane, potassium_channel_n_gate,
potassium_channel, sodium_channel, leak_current, sodium_chan-
nel_m_gate and sodium_channel_h_gate. During the tests, themod-
el was divided, creating eight CellML ﬁles (atomic models) and
enabling eight CelO models. Original ﬁles of the membrane atomic
model and the CelO model are available at http://celo.mmc.ufjf.br.
4.3.1. Model composition
One of the speciﬁc goals of CelOWS is the composition of atomic
models. The idea is to promote the reuse of existing components,
through the composition of simpler models, producing more com-
plex ones. The composition produces a new CellML model, through
the copy of previously deﬁned components and the automatic con-
nection of these components.
The composition process uses a XML conﬁguration ﬁle to
point which models will be composed and the structure of the
new model. The connection of components is made through
the semantic combination of parameters of the ﬁrst component
with parameters of the second one. It is veriﬁed if both param-
eters measure the same quantities, if both are associated to the
same chemical element and, ﬁnally, if both have the same name.
A SPARQL query (Fig. 12) is used to ﬁnd if output parameters are
compatible to the input of the other component. As the compo-
sition process is made through the copy of existing models, it
can be considered static (the modiﬁcation of a used model in
the composition process does not modify the composed
component).
Fig. 13 shows the user form to perform models composition,
based on atomic models stored in the ontology repository. The
use of this form consists of ﬁve steps:
1. All models stored in the repository are listed (in a real applica-
tion this step would implement a query that returns only mod-
els of interest).
2. The models to be composed are selected.
Fig. 11. Model used for testing the prototype.
Fig. 12. SPARQL query to ﬁnd output parameters.
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models, models that use global models and models that are
internal to other models.
4. The XML code with the conﬁguration is displayed and can be
submitted by the user to create the model.
5. The location of the XML ﬁle containing the new CellML model is
displayed.
In order to validate the CellML model, generated from the com-
position process, the PCEnv program version 0.3, for models simu-
lation, was used. Graph V  times representing the potential action
was generated from the original CellML ‘‘A Modiﬁcation of the
Hodgkin–Huxley Equations Applicable to Purkinje Fibre Action
and Pace–Maker Potentials” [31] (Fig. 14) and with the ﬁle gener-
ated through the composition and connection of components
(Fig. 15). These graphs (as others generated during the tests) are
identical, proving the validation of the composition process.
4.3.2. Model search
To test and validate semantic query functionalities in CelO mod-
els, some SPARQL queries (Fig. 16) were deﬁned to locate variablesor components that could be used in the composition process of a
new model.
Fig. 17 presents the user form to query CelO ontology
repository.
4.4. Implementation details
Tthe CelO ontology, as well as all described models in OWL, are
in Protégé-OWL 3,4 (Editor and API) [24]. For inference, the Pellet
Reasoner [25] and the Jess Rule Engine [26] were adopted. For
the development of the CelOWS, we used Eclipse, Java and PHP5
languages. For the ontology storage in a relational database and
the SPARQL queries, the SOR (Scalable Ontology Repository) [27]
was used.
5. Related works
MONET Project [28] investigates the area of mathematical web
services, with implementation of a broker, deﬁnition of the
description services language MSDL (Mathematical Service
Description Language), many domain ontologies and the
Fig. 13. User form for model composition.
Fig. 14. Graph V  time generated with original CellML model.
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Fig. 15. Graph V  time generated with CellMLmodel from a CelO model.
Fig. 16. SPARQL queries in ontological repository.
E.E. Matos et al. / Journal of Biomedical Informatics 43 (2010) 125–136 135component InstanceStore [29]. The CelOWS architecture is similar
to the MONET architecture even though MONET does not use
semantic web services. Project GENSS (Grid-Enabled Numerical
and Symbolic Services) [30] is an extension of MONET Project. It
deals with the combination of grid computing and mathematical
web services using an open framework based in software agents.
One of CelOWS implementation goal as a web service is to allow
its use in workﬂow management systems for services composition
and its use in grid computing. In this way some of the GENSS pro-ject proposals could be applied to our research. An association of
ontologies and web services to support the biological systems
modeling is described in [31]. An ontology to represent the models
in OWL is presented. OWL-S is used to specify the parameteriza-
tion and semi-automatic composition of web services of the model
execution. CelOWS architecture has similar goals, using, however,
a more open domain ontology, the biological one. However, OWL
is not used to represent the complete model, but to describe
semantics of biological models in CellML.
Fig. 17. User query form.
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The increasing volume and distribution of data and processes in
Bioinformatics speed up the discovery of new biological informa-
tion. To manage these data and processes in an automatic and scal-
able form, the use of scientiﬁc workﬂows is now essential. On the
other hand, the biological models have different possible represen-
tations, such as conceptual, mathematical and computational.
Although it is desirable the association of workﬂows and modeling
areas, the literature does not present speciﬁc proposals in this
direction. We believe that it happens because generally models
are considered only in their ‘‘representation” aspect, while work-
ﬂows deal with software components that can be ‘‘executed”.
Our research considers the approach of these areas using innova-
tive technologies, based on well established standards. In the as-
pect of ‘‘representation” Cell Component Ontology (CelO) is
presented, to describe semantics of biological models. In the aspect
of ‘‘process”, the CelOWS architecture was developed to storage,
query, reuse, compose and execute these models. CelOWS follows
the service oriented architecture, being itself implemented as a
web service. Some questions as scalability and performance have
not been addressed yet. Future works will focus on these questions,
as well as the integration with other ontologies of the biological
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